Abstract
clinics (20/250, 8 .0% vs. 8/79, 10.1%, relative risk 0.79, 95%CI 0.36-1.72), nor did median time to HAART initiation (respectively 63 and 66 days, P = 0.53).
CONCLUSION-In urban areas where TB and HIV programs are separate, geographic colocation alone without further integration may not reduce mortality or time to HAART initiation among co-infected patients.
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care coordination; health systems; co-infection; antiretroviral therapy TUBERCULOSIS (TB) is a leading cause of death in human immunodeficiency virus (HIV) infected patients. [1] [2] [3] In Botswana, among those aged ≥18 months, HIV prevalence is estimated to be 17.6%, with TB the reported cause of death in approximately 40% of HIVinfected individuals. 4, 5 Recent trials offer strong evidence supporting prompt initiation of highly active antiretroviral therapy (HAART) in patients with HIV and TB, particularly those with advanced immunosuppression. [6] [7] [8] These results are consistent with 2009 World Health Organization (WHO) guidelines advocating HAART initiation as soon as possible after starting anti-tuberculosis treatment for all patients with TB-HIV. 9 A 2010 report found that only 45% of patients with HIV and TB in Botswana initiated HAART during antituberculosis treatment. 10 Greater distance to the clinic was associated with treatment discontinuation in Uganda, 11 and was cited as a barrier to accessing HAART among HIV patients. 12 In many resourcelimited settings, HIV and TB programs are separate, non-integrated entities; patients with TB are referred to distinct HIV-specific clinics (which may or may not be co-located with the TB clinics) to obtain HAART. 13 This system concentrates physical and human resources, but creates potential barriers to care; those at TB clinics without co-located HIV clinics may have greater delays in accessing HAART than patients who do not have to travel to separate facilities.
The relationship between clinic co-location and outcomes has not been systematically addressed. We hypothesized that HIV-infected adults who initiated anti-tuberculosis treatment at TB clinics without co-located HIV clinics would have higher mortality rates during anti-tuberculosis treatment and longer time to HAART initiation than patients who initiated anti-tuberculosis treatment at TB clinics with co-located HIV clinics.
METHODS

Study setting
This study was conducted in Gaborone, the capital of and largest city in Botswana, and the neighboring urbanized villages of Mogoditshane and Tlokweng. Botswana offers free antituberculosis treatment to patients with active TB (6 months of directly observed combination therapy per WHO guidelines) and free HAART to citizens with qualifying CD4 counts or clinical conditions, including TB. 14, 15 Per Botswana's 2008 national guidelines, co-infected patients with CD4 counts of <100 cells/mm 3 should begin HAART 1-2 weeks after initiating anti-tuberculosis treatment, while those with CD4 counts between 100 and 250 cells/mm 3 should begin HAART after 2-4 weeks. Per these guidelines, delays in the latter group are acceptable if the patient's clinical condition is 'fair or good'. HAART initiation was to occur after completion of antituberculosis treatment in those with CD4 counts of >250 cells/mm 3 . 16 In Botswana, all primary care clinics treat patients for TB. In greater Gaborone, 8 of 22 government clinics have an HIV clinic/pharmacy providing HAART located on the same site (seven of which were operating during the study period), while the remaining 14 clinics do not provide HAART. Although all patients require a referral for HIV care, those receiving anti-tuberculosis treatment at clinics with on-site HIV clinics are referred to the on-site HAART clinic; those receiving treatment at clinics without on-site HIV clinics must be referred to another site further away.
Study design
This was a retrospective cohort study where the primary exposure was receiving initial outpatient anti-tuberculosis treatment at a government clinic that did not have an on-site HIV treatment center, and the primary outcome was death before completion of anti-tuberculosis treatment. Patients were categorized as alive at the end of treatment if they were listed in the TB register as having completed treatment or if there was evidence that they were alive >180 days after starting anti-tuberculosis treatment. Evidence of being alive included any of the following: laboratory data, out-patient appointments attended, filled prescriptions or hospitalizations. A secondary composite variable of death or hospitalization for any reason during anti-tuberculosis treatment was also analyzed. Secondary objectives included comparing the two clinic types with respect to the interval between anti-tuberculosis treatment and HAART initiation and the proportion of patients starting HAART within 60 days of starting anti-tuberculosis treatment, given the importance of this timepoint to survival, as shown in recent trials. [6] [7] [8] 
Study patients
Included patients were HIV-infected adults aged >21 years who presented to any of the 22 public clinics in greater Gaborone for out-patient anti-tuberculosis treatment for a new episode of pulmonary TB between 1 January 2006 and 31 January 2010, or those who initiated anti-tuberculosis treatment in 2005 but had complete data listed in the 2006 TB register. Patients had to have CD4 values of ≤250 cells/mm 3 before or within 1 month of anti-tuberculosis treatment initiation and be HAART-n aïve at the time of anti-tuberculosis treatment initiation. The CD4 count cut-off was based on the 2008 national guidelines, which did not specify a need for HAART initiation during anti-tuberculosis treatment for those patients with CD4 counts of >250 cells/mm 3 . 16 The starting date of the study period was determined by the rollout of new TB registers in 2006, which included data necessary for conducting the study. The end date of the study period was selected so as to allow for at least 6 months of observation of all study subjects from the time of data collection.
Patients were excluded if they were known to be pregnant, had a history of previous TB or defaulting on anti-tuberculosis treatment or had multidrug resistant TB, 16 had no information in the electronic medical record, had no CD4 counts listed in the electronic medical record or if they transferred out of the Gaborone metropolitan area before either completing anti-tuberculosis treatment or taking 6 months of anti-tuberculosis treatment.
Data collection
TB registers from each clinic were used to identify patients with new cases of pulmonary TB and new or previously diagnosed HIV and to determine patient treatment outcome/death, anti-tuberculosis treatment initiation date, age, sex and sputum smear status. The electronic medical record was searched to obtain laboratory values, hospitalizations, out-patient appointments, pharmacy records and other records. Date of HAART initiation was determined by reviewing notes and prescribing records in the electronic medical record.
Site of out-patient anti-tuberculosis treatment initiation (in-patient/out-patient) was determined by the initiation date in the TB registers and hospitalization records in the electronic medical record; patients who initiated anti-tuberculosis treatment as in-patients had their clinic determined by the location of their first dose of out-patient anti-tuberculosis treatment.
Data analysis
Unadjusted analyses compared patient characteristics by clinic type. As TB is a curable disease, where the primary outcome of importance is death during anti-tuberculosis treatment and not necessarily duration of survival on anti-tuberculosis treatment, we considered the primary outcome as dichotomous. We calculated the proportion of deaths during follow-up for exposed and unexposed groups, and determined a relative risk (RR) with 95% confidence interval (CI). 17 Logistic regression was used to evaluate potential confounders of the primary relationship, defined as characteristics associated with exposure or outcome at P ≤ 0.2. In the primary analysis for clinic type and outcome, patients lost to follow-up (LTFU) were excluded, but sensitivity analyses were performed counting LTFU patients as either all living or all dead. We tested for effect modification of the relationship between clinic type and outcome using interaction terms in logistic regression models (considered present if the interaction term's P value was ≤0.05), examining baseline CD4, sputum smear, age and sex. For patients with available HAART initiation data, median time to HAART after anti-tuberculosis treatment initiation was compared by clinic type, as was the proportion of patients starting HAART within 60 days of starting anti-tuberculosis treatment, with the former as a continuous and the latter as a dichotomous variable. 
RESULTS
Patient characteristics
Overall, 1153 patients with TB-HIV were identified as potentially eligible for the study; however, nearly half had CD4 counts that were >250 cells/ml ( Figure) and were excluded. Other reasons for exclusion are shown in the Figure. A total of 339 patients were included in the study, 152 (45%) of whom were females. The median CD4 cell count before or within 1 month of anti-tuberculosis treatment initiation was 95 cells/mm 3 (interquartile range [IQR] 44-161); 98 (29%) patients had a CD4 count of <50 cells/mm 3 . Baseline sputum smears were positive in 153 (45%), negative in 74 (22%), and 112 (33%) had no test recorded. Eighty (24%) patients attended TB clinics with co-located HIV clinics, while 259 (76%) attended clinics without co-located HIV clinics.
Treatment outcomes by clinic type
Patient characteristics were highly similar between clinic types (Table 1) . Overall, 28 (8.5%) of 329 patients died during follow-up; 10 (2.9%) patients were LTFU. Excluding patients who were LTFU, the proportion dying during follow-up was not significantly different among those who initiated at clinics without or with on-site HIV clinics (20/250, 8.0% vs. 8/79, 10.1%, RR 0.79, 95%CI 0.36-1.72). Among patient characteristics listed in Table 2 , only baseline CD4 count was associated with increased death risk. Adjusting for CD4 count did not change the primary unadjusted relationship by more than 7%. There was no evidence of effect modification by age, baseline CD4 count or sputum smear status (data not shown); we did note a trend toward significance for sex as an effect modifier (P = 0.06), with women at clinics without attached HIV centers having an increased risk of mortality (RR 2.00, 95%CI 0.47-8.42), and men at clinics without attached HIV centers having a reduced risk of mortality (RR 0.38, 95%CI 0.13-1.06). The number of patients who were LTFU was similar between the clinic types (9/259, 4% patients at clinics without attached HIV clinics and 1/80, 1% patients at clinics with attached HIV clinics, P = 0.30). The primary relationship was essentially unchanged after including those LTFU as either all alive (RR 0.77, 95%CI 0.35-1.69) or all dead (RR 1.00, 95%CI 0.49-2.01). There was no difference between clinic types when a composite outcome of death or hospitalization during anti-tuberculosis treatment was used (52/251 [21%] in clinics without attached HIV clinics and 24/80 [30%] in clinics with attached HIV clinics, RR 0.69, 95%CI 0.46-1.04).
Time to HAART initiation
A total of 185 patients (55%) had HAART initiation data available: 42/80 (53%) from clinics with co-located HIV clinics and 143/259 (55%) from clinics without co-located HIV clinics (P = 0.67; Table 3 ). Among those with and those without HAART initiation data, there was no significant difference in baseline CD4, sex or baseline sputum status; those with initiation data were slightly older (median age among those with and without HAART data 36 and 34.5 years, respectively, P = 0.013). Median time to HAART initiation after anti-tuberculosis treatment initiation was 64 days (IQR 36-106), and did not differ by clinic type (63 days [IQR 32-104] for clinics without attached HIV clinics and 66 days [IQR 37-124] for clinics with co-located HIV clinics, P = 0.53, rank-sum test). The proportions of these 185 patients starting HAART <60, 60-180 and >180 days after anti-tuberculosis treatment initiation were respectively 47%, 36% and 17%, and did not differ significantly between the clinic types (P = 0.53, χ 2 test). Baseline CD4 count was the only factor associated with time to HAART initiation; patients with baseline CD4 ≤100 cells/mm 3 initiated earlier than those with CD4 >100 cells/mm 3 
DISCUSSION
In this study, conducted in urban Botswana among patients with TB-HIV and CD4 counts of <250 cell/mm 3 , we found no association between HIV and TB clinic co-location and either mortality or time to HAART initiation. Of the factors assessed, only CD4 count was associated with either exposure or outcomes, as more advanced immunosuppression was associated with an increased risk of mortality and a shorter time to ART initiation.
Strengths of the study include the distribution of HIV clinics within the primary care system, which enabled us to evaluate the relationship between clinic type and outcomes in a community-based setting. Furthermore, baseline similarities between the populations at the two clinic types allowed us to assess this relationship in the absence of obvious known confounding. This was, however, an observational study, and unequal distribution of unobserved confounders affecting mortality risk, such as undiagnosed HIV-associated comorbidities, presence of extra-pulmonary TB and WHO disease stage, could have biased our results. 18, 19 Generalizability is suggested by the fact that the observed mortality rates and treatment intervals in this study are consistent with outcomes of other studies as well as pooled data from a recent meta-analysis. [20] [21] [22] [23] The impact of HIV and TB clinic co-location likely depends on the ability of patients to afford travel, transportation options and the geographic distribution of the HIV clinics within the system. Gaborone benefits from being a relatively small city with numerous HIV clinics and relatively reliable and affordable transportation options. Our results may therefore not apply to other settings-particularly rural areas or very large cities-where clinics are dispersed across a broader geographic area and travel may be more difficult or costly. Another limitation of the analysis of time to HAART initiation is the substantial amount of missing data, which could have biased our results. The high degree of similarity between patients with and without missing data suggests, however, that severe bias due to missing data is unlikely.
The results of this study suggest that co-location alone as a policy to integrate TB-HIV care will not necessarily improve outcomes. These data can be interpreted as indicating that in urban settings where patients with TB-HIV are referred to specialized HIV clinics for HAART, lack of an on-site HIV treatment center does not necessarily result in delayed HAART initiation or increased mortality during anti-tuberculosis treatment. A possible explanation for this finding is that the referral process itself may be a source of delay affecting all individuals equally, regardless of where they initiate anti-tuberculosis treatment. In Botswana, even at sites with co-located HIV clinics, TB-HIV care is not fully integrated because all patients have to be referred to a separate system before they initiate HAART. Ideally, care would be integrated at the provider level, where a single provider coordinates TB-HIV treatment without referral. 24 Assessments of patient outcomes in fully integrated systems-as well as the associated costs and logistical issues-should be performed.
Notably, fewer than half of patients initiated HAART during the first 60 days, and even fewer initiated within the first 2 weeks of anti-tuberculosis treatment. This is important, given recent clinical trial data documenting that HAART initiation within the first 2 weeks of anti-tuberculosis treatment improves survival among those with the most advanced HIV disease. 7, 8, 25 Although the percentage of patients with TB-HIV initiating HAART appears to be increasing, 26 and the delays between TB diagnosis and HAART initiation may be decreasing, 27 further efforts to facilitate timely HAART initiation in those with TB-HIV are needed.
CONCLUSION
This study provides valuable data informing the lack of an association between co-location of HIV and TB clinics and outcomes in co-infected patients in an urban setting. To fulfill WHO guidelines for integration of HIV and TB care, 13 co-location should be supplemented by coordination and communication between HIV and TB providers. Reasons for patient exclusion. TB = tuberculosis; HAART = highly active antiretroviral therapy; RCT = randomized controlled trial. Outcomes by baseline patient characteristics 
